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BIOTECHNOLOGY 


Structural Transition of Serum Albumin 
91FEQ003 Tokyo KEISHA KINO ZAIRYO KENKYUKAI in Japanese 22 May 90 pp 7-17 


[Article by M. Sogami and S. Era, Second Physiology Department, School of 
Medicine, Gifu University; selections from proceedings of the Ninth Functionally 
Gradient Materials Workshop held on 22 May 90] 


[Text] Introduction 


Unlike the two previous topics, the content of this lecture deals extensively 
with the physical chemistry of the subject. I will discuss clinical 
applications at the end. 

Fig. 1 shows the linear structural model of human serum albumin of Brown’. 
Unlike the diagram shown by the previous lecturer, subdomain 1AB (1AX, IAY, 
1ABZ) and subdomain 1C (1CX, 1CY, 1C€Z) of domain 1 are opposed to each other. 
The subdomains are mutually opposed in domain 2 and domain 3 as well. 


I shall briefly explain the properties of serum albumin by using domain 1 as an 
example. First, I shall explain why subdomains 1AB and 1C are opposed to each 
other. Domain 1 has a helical segment in the area marked with big arrows, and 
the a-helix dipoles are facing the direction of the arrows (toward N-terminal). 
Subdomain 1C is shown turned around so that the domain is electrostatically 
stable’. And, regions 102-123, 290-315, and 488-513 are equivalent to Brown’s 
hinge. Fig. 1 shows from the top subdomains 1AB, 1C, 2AB, 2C, 3AB, and 3C. The 
distance between Trp-214 and Tyr-411 is approximately 18 A at neutral pH and 24 
A at pH 9°. This distance expands to approximately 30 A in the acidic side. 
There is one SH group at Cys-34 and as shown in Fig. 1, 17 S-S bonds. 


The three domains of serum albumin having the structure described above are 
arranged as shown in Fig. 1 like meatballs skewered on a stick; domain 1, domain 
2, and domain 3 (Brown, 1982). Recently, Brown (1988) modified this model 
Slightly and presented a report” at the International Biochemistry meeting 
Stating that domain 1 and domain 3 may not be as far apart as they appear on the 
skewered meatball model, but are closer together. The amounts of a-helix and B- 
Structure of plasma (serum) albumin having such a structure are 70% and 15% 
respectively” (See footnote at the end of the text). 




















































































































Fig. 1 Model diagram of human serum albumin molecule”. Cys-34: SH group; 
o=0: §-§ bond; His-146 (*) and Lys-195 (#): a part’ of the binding 
Site of an indole compound. Domain 1 (subdomain 1AB (1AX, 1AY, 1ABZ) 
and subdomain 1C (1CX, ICY, 1€Z)), domain 2 (subdomain 2AB (2AX, 2AY, 
2ABZ) and subdomain 2C (2CX, 2CY, 2CZ)), and subdomain 2C (2CX, 2CY, 
2CZ)), domain 3 (subdomain 3AB (3AX, 3AY, 3ABZ) and subdomain 3C (3CX, 
3CY, 3¢z)'°. +:shows the direction of the dipoles in the helical 
segments. 


Plasma (serum) albumin having three domains undergoes highly diverse structural 
transitions as shown in Table 1. On the acidic side, an N-F transition occurs 
at pH 4.5-3.8; at still lower pH, F+E transition, or a structural transition 
called acid expansion’ occurs. At pH 7.0-9.0, an N+B transition®’™ occurs, 
and in the same pH region, the SH group of Cys-34 acts as a catalyst and 
recombines the intramolecular S-S bonds (SH/S-S exchange reaction, N-A 
isomerization reaction). This reaction is also called molecular aging 
In addition, the SH group of Cys-34 acts as an oxidation-reduction buffer system 
in the bloodstream by binding with and separating from sulfur-containing amino 
acids in the body undergoing mercapt-nonmercapt conversions (reduction-oxidation 
reaction) ''”, 


3,8-15) 


Table ] x | 


1. N+nH* = F (pH 3.75~4.50) 
= B+qH’* (pH 7.0~9.0) 
. N = A+rH’ 

SH, S-S 

Exchange 





w rm 


Reaction 


4. Mercapt-nonmercapt Conversion 








I. NeF transition and F-E transition 


In some of the structural transition experiments on acidic side, i.e., NF 
transition and F+E transition we are about to explain, specially purified plasma 
(serum) albumin was used. Among plasma (serum) albumins, some has about 70% SH 
groups. In the case of cows, it is called bovine mercaptalbumin: BMA). BMA 
subfractions are further isolated for use in the experiments’ °’ 20)" The 
difference is that, in case of crystalline bovine plasma albumin (BPA), the Hil1 
coefficient of the solubility pH dependency (pH solubility profile) in 3.0M KC] 
is 4~5, whereas the Hill coefficient of BMA which is fractionated and purified 
as above, is 17-18". In the diagrams I am about to show, where the 
experiments are marked BMA, we used subfractions of BMA with very high purity. 


Molecular volumes increase in the N-F transition and F+E transition (acid 
expansion). The intrinsic viscosity which will become the index for molecular 
volume for N-, F-, and E-type are 3.7, 4.4, and 8.3 ml/g, respectively”. The 
intrinsic viscosity is proportional to the product of the volume per 1 g protein 
(v(m//g) and a function of the molecular shape (v). The N-F transition is 
suggestive of a slight increase in molecular volume. Fig. 2 shows how the 
secondary structure (a-helix (©) and B-structure (¢)) of BMA is altered in the 
N-F and FoE transitions. The a-helix content decreases appyoximately 10% in the 
N+F transition, and further decreases another 10% or so in the F-E transition. 
In other words, the secondary structure of BMA undergoes a two-step alteration 
on the acidic region corresponding to N-F and F+E transitions. 


There is a method called solvent perturbation difference spectroscopy for 
studying global structural alterations in N+F and F+E transitions*”. For 
example, the Stokes diameter of sucrose is 9.4 A, and that of ethylene glycol is 
4.4 A. Solvent perturbation difference spectroscopy measures the difference 
spectra of BPA in solvents with and without 20% of the above compounds. Using 
this method, one can determine in which of the N-F or F+E transitions the 
crevices open where Tyr and Trp are present in the protein molecules. For 
Sucrose, the crevices open in two steps during the N-F transition and the F-E 
transition (acid expansion). In other words, crevices of approximately 10 A in 
width were formed in the N+F and F+E transitions. However, in the case of a 
solvent containing 20% ethylene glycol, no change occurs in the structural 
transitions. Crevices, where Tyr and Irp are located near the surface of the 
molecule, are open at least ~4 A, and the crevices seem to open at least to a 
width of more than 10 A during the N+F and F+E transitions. Kaplan, et al. 
labelled the SH group of Cys-34 of BPA with a nitroxide spin probe and, using 











ESR [electron spin resonance], discovered that the relaxation time of rotation 
of the spin probe is shortened during the N+F transition and the F+E transition 
(acid expansion)”, In other words, Kaplan, et al. inferred that the SH 
group of Cys-34 is located at the bot tom of the crevice about 10 A deep in the 
molecule, and the crevices in the vicinity of the SH group open in two steps 
during N-F and F+E transitions”. Fig. 3 shows the relationship of BPA’ S 
ability to bind pentane (right) or butane (left) and the N-F transition. 

BPA’s ability to bind hydrophobic butane and pentane disappears in the pH region 
where the molecular crevices open, i.e., in the N-F transition. In addition, 
bonds between indole compounds such as Trp and BPA also disappear in exactly the 
Same pH region as above* 
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Fig. 2 Secondary structural aiterations of bovine mercaptalbumin (BMA) in N-F 
transition (N-F) and F+E transition (expansion) (0.10 M KCl). ©: a- 
helix; e¢: 8 structure; ©: random coil. 


Thus far, I have presented experimental results related to intramolecular 
crevices. I shall now explain experimental results related to molecular 
rigidity. In this method, a specific site of a protein molecule is irradiated 
(f, irradiation) with radiowaves using an 'H-NMR and the rigidity of the 
molecule is studied by measuring the spin diffusion speed. We shall consider an 
S-spin system and an I-spin system as shown in Fig. 4. When the S-spin system 
is f,-irradiated using radiowaves, S-spin system magnetization immediately drops 
to zero as shown by the top curve in Fig. 4. Thereafter, spin diffusion to the 
I-spin system occurs resulting in decreased magnetization of the I-spin system 
as well. 1,* shown in Fig. 4 is obtained from this descending curve. 

1/T,*=1/T +1/Tys where T, and T,, are the vertical relaxation time and cross- 
relaxation time, respectively. When the rigidity of the protein molecule 
decreases, the Te value is elongated” aiid f,(ppm) in Table 2 corresponds to 
an f, -irradiation Site; e.g., 8.65, 7.13, 4.72, 0.40 ppm, a 
respectively to the C2H of His, aromat ic proton, CAH, and -CH,. yH,/2n 

indicates the strength of f,-irradiation. The T Values for CH, "which were 
obtained by f,-irradiation of 8.65 ppm with yH,/2n- 107 Hz are approximately 0.7 
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Fig. 3 Changes in the ability of bovine plasma albumin to bind butane (left) 
and pentane (right) during N-F transition (0.15M NaCl, 25°C) 


sec for the N form, approximately 1 sec for the F form, and approximately 1.8 
sec for the E form (Table 1", A similar trend exists when 7.13, 4.72, 0.40, 
and -2.45 ppm were f,-irradiated. As explained above, the rigidity of the 
molecules decreases as the structural transition progresses from N-form + F-form 
+ E-form. 
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Fig. 4 Model diagram for a technique to determine cross-relaxation phenomenon 
and cross-relaxation time Ga. See text for explanation. 








Table 2 


® 2 Cross-Relaxation Times Obtained by the Inversion Recovery Method 
in Acidic Region 

















pD (form) | f, (ppm) yH,/2e(H2) | ~CH, he pon 
§.31 (N) | 8.65 107 0.67 0.53 0.78 
4.00 (F) 8.65 107 1.01 0.87 0.74 
2.96 (E) | 8.65 107 1.75 1.59 3.45 
§.31 (N) | 7.13 69 0.61 0.65 

4.00 (F) | 7.13 69 1.32 1.37 

2.96 (E) | 7.13 69 1.54 1 43 

5.31 (N) 4.72 20 | 1.16 1.32 1 45 
400 (F) | 4.72 | 20 1.37 1.39 1.37 
2.96 (E) | 4.72 | 20 2.04 2.08 1.70 
5.31 (N) 040 | 39 | 0.74 0 44 0.81 
4.00 (F) 0.40 | 39 | 0.82 0.80 1.01 
2.96 (E) | 0.40 | 39 1.21 1.52 1.35 
5.31 (N) | -2.45 107 | 0.73 0 73 0 89 
400 (F) | -2.45 107 L 1.24 1.21 1.03 





NG F Transition (pD 4.8--4.2,0.10M Cl-) 
F—E_ Transition (pD 4.03.2, 0.10M Cl-) 


These changes occurred not only during T,, (cross-relaxation time), but the same 
changes were observed in the spin echo spectrum, using a pulse system to measure 
the horizontal relaxation time. The spin echo "H-NMR spectrum is shown in Fig. 
5, the bottom graph is for the N-form, the middle one is for the F-form, and the 
top one is for the E-form”. The higher the peaks in Fig. 5, the more mobile 
the side chains of the protein. In other words, they are not very mobile in the 
N-form but are highly mobile in the F-form. The same results were obtained in 
measurements with other than 'H-NMR. Regardiny the increased mobility of the 
charged side chain in the N-F transition, it has been reported that, the 
analysis of acid titration data with corrected BPA surface potential showed 
that, in the N-form, 50% of -COO , form ionic bond with side chains having 
positive charges; while in F-form, these inter-side chain ionic bonds disappear, 
and the charged side chains become mobile.’ 


In Summary , during the N-F transition, the molecular volume increases 
slightly » the a-helix content decreases in the NoF transition® FD the 
crevices on the molecular surface open Tt ability, ,to bind butane, pentane, 
etc. disappears , the molecules become more flexible” , and the side chains 
become mobile as demonstrated by the spin-echo "H-NMR spectrum. This is a 
global explanation of the N+F transition at the acidic side of the albumin 
molecule. 


II. NeB transition?” 


As shown in Table 1, the N+B transition is a structural transition of plasma 
(serum) albumin at pH 7.0+9.0. Fig. 6 shows the pH dependence of the angle. of 
rotation at 300nm, -[@] 309 published by the Purdue University group in 1974°* 

In 0.10-0.16 M KCI or in NaCl, -[a }30 decreases between pH 7-9. However, 
exactly as in blood, if 0.002 M Ca“ is present, the pH region of the -[2] 306 


change moves far to the acidic side, and the midpoint pH of -[a@],,,. becomes 








about pH 7.5. 
changes>’ 
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obtained from the pH depen 
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mainly reflects tertiary structural 
1s present, a tertiary structural change with a 
as in body pH is observed. The Hill coefficient 
dence of -[a],,. is 1.0 without Ca** and 2.7 in the 
In other words, in the presence of Ca‘*, the 


Structural transition becomes very cooperative”. 


rT 


ire (| SOC 


f2-Irradiation at 


7.l3ppm at YH: 


27~69Hz 









































| | | N-Form( BMA 
0.65 j | rs 
Pan’ \ pD 5.31 
a ~~ 





Fig. 5 Spin-echo spectra 


5 0 
ppm 


(0.02 sec CPMG spectra) of bovine mercaptalbumin (BMA) 


in N-, F-, and E-forms measured with [90°-(7-180°-7),] spin-echo pulse 


system (7=0.001 sec, n=10). 


Shown on the left side is the cross- 


relaxation time (Ty) for f,-irradiation of 7.13 ppm (aromatic proton) 


at yH,/2m~69 Hz. 


80%, 0.10 MCI . 








Fig. 6 [@] s09-PH profile of bovine plasma 
albumin in which the SH group is 760 F 
chemically modified with iodo- 


acetamide’. ¢:0.16 M NaCl; 


4 & 740 7 
0:0.154 M NaC1-0.002 M CaCl,. T 


(Zurawski & Foster, 1974) 
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Next, when the pH dependence of 260-310 nm molecular ellipticity ([@]), which 
reflects microenvironment such as side chains, is measured, information 
regarding tertiary structural changes can be obtained. The pH dependence of - 
[Jrc2, -[O]agg, etc. in 0.194 M KC] and 0.002 M CaCl, is shown in Fig. 7. As 
seen in Fig. ae A a two-step change is observed, the area shown with arrows (-) 
a to -[@],,. changes shown in Fig. 6. Subsequently, slight changes 

-[6]2,. and -[6].., occur as shown in Fig. 7. The -[8],,. and -[8],., are 
noleculay ellipticities that reflect changes in the vicinity of the &s 
bonds’. This two- Step change at pH 7~9 is not observed in 0.20 M KCl (Fig. 
7, ---, midpoint-». 
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Fig. 7 [8],, ". 6g» [8], and UF) s00 pH profiles of bovine plasma albumin 
(0.184 'M KCf-0.002 ‘M CaCl.) : [@]ogo-PH profile in 0.200 M KCI. 


Zurawski, et al. labelled the SH groups of Cys-34 with a "9F compgund and 
studied the N-B transition by means of the chemical shifting of 'F- NMR and 
observed the two-step change shown in Fig. 7 when Ca°* was present™” . Kaplan, 
et al. labelled the SH groups of Cys-34 with a nitroxide spin probe, determined 
the changes in the N-B transition during the spin probe rotary relaxation time, 
. reported” that the rotary relaxation time decreases in two steps the same 

-[8].,. and -[8]., of Fig. 7. The above-mentioned report suggests that the 
beetle Structure in the N+B transition undergoes a two-step alteration. This 
inference is not contradictory to the results shown in ate 6 due to the 
following reason. The group of Van Os, et al. reported that -[@] 359.333 Mainly 
reflects only the tertiary structural] changes of the N-terminal fragments of 
BPA. 


We shall explain secondary structural alterations in the N-B structure. In 
these experiments, the refined, super special grade BMA as described in the 
paragraphs related to the N-F transition is not used, but simply crystalline BPA 
is used. The number of a-helices in 0.10 M KC] gradually decreases in the pH 
7~9 range, and B-structures gradually increase in number. Compared to tertiary 
Structural changes, secondary structural alterations are not as drastic. 











Although the secondary structural changes in Fig. 8 are slight, a comparison 
with Fig. 9 (-0 ionic strength) reveals that it is not an error. In addition, 
in order to prevent the N-A isomerization reaction (intramolecular SH/S-S 
exchange reaction) explained in Table 1, BPA in which the SH groups of Cys-34 
were chemically modified with iodoacetamide (IA-BPA) was used in the experiments 
summarized in Figs. 8 and 9°°”. Ina salt-free state other than alkali for pH 
adjustment, i.e., at an ~0 ionic strength (Fig. 9, no added salt), a clear 
Secondary structural alteration is observed in the pH region of the N-B 
transition of IA-BPA shown in Fig. 9. The a-helix content decreased 
approximately 8% at pH 7~9 in the N-B transition, and B-structures increase as 
Shown in the diagram. If the SH groups of Cys-34 are not chemically modified, 
the intramolecular SH/S-S exchange reaction explained below occurs in the pH 7-9 
region at an ~0 ionic strength (no added salt). When KC] is added at pH 8.6~8.7 
as shown in Fig. 9 (mostly B-form structure), the a-helix content increases 
cooperatively between 0.025-0.05 M, but it does not increase even though the 
concentration is increased above 0.05 M (Fig. 16)°”. 
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Fig. 8 Secondary structural change during the N+B transition (0.10 M KC!) of 
bovine plasma albumin (TA-BPA) in which SH groups are chemically 
modified with iodoacetamide” 


We shall explain the opening and closing of the molecular crevices in the NB 
transition. Kaplan, et al. used the previously described BPA, in which the SH 
groups of Cys-34 were labelled with nitroxide spin probes, and implied that the 
intramolecular crevices in the vicinity of Cys-34 open in two steps during the 
N-B transition as well, the same as in the case of the N-F transition, 
corresponding to alterations occurring as the rotary relaxation time of the spin 
probe in 0.10 M KC] decreases in two steps, i.e., the two-step decreases at pH 
7.0~8.0 and pH 8.0~9.5. 


As in the previous experiments for the N-F and F+E transitions, we examined the 
changes in the molecular rigidity in the N+B transition by fo- irradiation of 
a specific side-chain proton and the use of the spin diffusion’ ' For 








example, when 7.13 ppm (aromatic proton) is irradiated with appropriate power 
(yH,/2m, 69 Hz), the longer the cross-relaxation time (T,,) to other side 
rhavec. the more flexible the molecule becomes. In Table 3, where salt 
concentration is noted as ~0 (~0 ionic strength), it means that alkali was added 
for pH adjustment, but no other salts were added. In such a state, the B-form 
has become more flexibie compared to the N-form. However, as shown in Table 3, 
in the case of 0.10 M NaCl, f,-irradiation of 7.13 ppm results in virtually no 
difference in the cross-relaxation time (T,,) between the N- and B-forms. In 
other words, in the case of 0.10 M NaCl, no changes in molecular rigidity are 
observed with "H-NMR during the N-B transition. In order to examine what has 
become of the side-chain mobility, the N+-B transition was examined using spin 
echo 'H-NMR spectra as described in Fig. 5. There was virtually no difference 
in side-chain mobility between the N- and B-forms in the case of 0.10 M NaCl. 
When the ionic strength is ~0, the B-form side chain is mobile, and the result 
agrees wth the change in cross-relaxation time (T,,) shown in Table 3 (Fig. 
17)" 
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Fig. 9 Secondary structural change during the N-B transition (~0 ionic 
strength) of IA-BPA (see Fig. g)° 


Fig. 10 summarizes the major characteristics of the N+B transition. There are 
three domains in the plasma albumin molecule (Fig. 1). They are lined up like 
three suitcases [in the diagram]; and between the subdomains defined by dotted 
or solid lines (for example, subdomain 1AB, 1C) are hinges. In 0.10 M NaCl, the 
tertiary structure changes slightly when the N-form shifts to the B-form (Figs. 
6 & 7), but almost no change occurs in the secondary structure. However, when 
various other experiments are conducted, for example, when the distance between 
Trp-214 and Tyr-411 (human serum albumin) was measured using Trp-fluorescent 
energy shifting, it is 18 A in the N-form and increases in the B-form to 24 A”. 
We determined the rotation relaxation time (Fig. 10, p(IA-BPA-ANS, .)) of an 
entire molecule, a complex (IA-BPA-ANS, 0.93 IA-BPA, /ANS= 1/0.9) of BPA "(IA- BPA) in 
which the SH groups were chemically modified with iodoacetamide and a 
fluorescent dye ANS (1- ~anil ino- 8-naphthalene-sulfonate). Although ANS is bound 
at the N-terminal of IA-BPA‘”, the relaxation time was 131 nanoseconds in the 


10 








N-form and 113 nanoseconds in the B-form (see Fig. 10)°”. Regarding the rotary 
relaxation time (p(DNS-HSA)) in the N+B transition pH region of human serum 
albumin {DNS-HSA) whose Lys was labelled with dansy] chloride, Preston, et al. 
reported’ ’ that p(DNS-HSA) decreases in the B-form. Dansyl chloride 
selectively reacts with the Lys of the CNBr-induced fragment C (124-298) (Fig. 
1)‘. Although each domain consists of two subdomains, when the N-form shifts 
to the B-form, we imagine that the rigidity of each subdomain probably does not 
change much. However, the movement between subdomains becomes more easily 
mediated by the hinges connecting the subdomains. If you imagine an actual 
model, I think two pieces of rod (corresponds to subdomains), which were 
initially tightly attached, become mobile in the B-form mediated by the chains 
like a chain-bound nunchaku (corresponds to domain) used in karate. 



































Tabl e 3 # 3° Cross-Relaxation Times Obtained by the Inversion Recovery Method in Alkaline Region 
| Tis (Sec) 
pD (form) Salt (M) f. (ppm) yH,/2x(IIz) 
-~CH, e CH, Aroin 

6.27 (N) ~0 7.13 69 0.63 0.58 

9.14 (B) ~0 7.13 69 0.93 0.92 

6.27 (N) ~0 4.72 20 0.95 0.95 0.94 

9.14 (B) ~0 4.72 20 1.21 1.24 1.10 

6.27 (N) ~1 0.40 39 0.37 0.4] = 

9.14 (B) ~() 0.40 39 0.57 ). 60 0). 48 

6.27 (N) ~0 2.45 107 1.02 1.04 1.28 

9.14 (B) ~0 ~—2.4% 107 1.49 1.96 1.28 

6.96 (N) 0.10 7.13 69 0.73 ().64 

9.27 (B) 0.10 7.13 69 0.73 0). 73 

6.96 (N) 0.10 0.40 39 0.52 0.65 0.58 

9.27 (B) 0.10 0.40 39 0.64 0.63 0.82 

6.96 (N) 0.10 4.72 20 1.4] 1.30 1.37 

9.27 (B) 0.10 4.72 20 1.33 1.35 1.22 

6.96 (N) 0.10 | —2.45 107 0.75 0.74 0.53 

9.27 (B) 0.10 | ~ 2.45 107 0.78 0.68 ().87 

N-B Transition (pl) 7.4-+9.4) 

Fig. 10 Explanatory diagram of the N-B tran- N-Form B-Form 

sition using 3-domain models; the areas 
demarcated with solid or dotted lines in | 0 1 uu a 
each domain represent rr subdomains con- f ry. 
nected by hinges. ) and r, ,(B), “Tr | — 
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respectively, show tre distance! etween s 
Trp-214 and Tyr-411 in the N- and B- forms” : 























p( ITA-BPA-ANS, .): rotary relaxation times”? rav(N)~18A rao (B)~24A 
of IA-BPA and "the fluorescent dye, ANS com- a: Trp-214 
plex; p(DNS-HSA): rotary relaxation time of | b: Tyr-4ll 
dansylated human serum albumin. The sub- p(1A- BPA ANSos) 
domain-breathing state of the B-form is a 131ns 113ns 
state of each domain where the interaction p(DNS-HSA) 

between the subdomains connected with hinges 7) (Relative value decrease) 


weakens and the subdomains become readily mobile 


1] 








As explained in Fig. 10, we called the B-form the "subdomain-breathing state" 
for convenience. In general, when the B-form occurs following an N+B 
transition, the ability to bind metabolites and drugs increases. There are 
explanations (models) for this phenomenon. Brown, et al. postulated” that it 
is due to the increased mobility between subdomains mediated by hinges (Fig. 1). 
This corres onds to the Fig. 10 model. Furthermore, about 30 years ago, Karush 
postulated” that it is due to the fact that plasma albumin molecules have 
large "configurational adaptability," which we believe corresponds to the 
increased mobility between subdomains mediated by the hinges ''?”, Wetlaufer and 
Lovrien reported that BPA’s ability to bind and uncharged hydrophobic butane 
increased in the N+B transition (0.15 M KCl). Although the reduced viscosity of 
the BPA solution shows virtually no change in the N+B transition pH region, the 
phenomenon of increased ability to bind corresponds to Brown’s model and Fig. 
10. When an alkali-swollen form which occurs above pH 11 is reached, the 
reduced viscosity also increases and the ability to bind butane decreases 
sharply*” 


The phenomenon of turning a gel to sol by causing it to flow is called 
thixotropy; and the phenomenon of turning a sol to gel by causing it to flow is 
called rheopexy. It has been postulated that when hepatitis B virus invades the 
liver cells, polymerized human serum albumin (polyalbumin) and hepatitis B virus 
bind, and the resulting complex binds the albumin receptor on liver cells, which 
is then taken into the liver cells. However, not much polyalbumin is present in 
the bloodstream. When a flow of more than 5 cm per second is supplied, the BPA 
having a B-form structure becomes a large cluster which strongly scatters light, 
and when there is no velocity gradient, the cluster disappears. In other words, 
in the velocity gradient, there is a phenomenon of BPA or HSA clusters being 
formed by secondary binding, but they disperse when the flow ceases’. The 
physics group at the Nagoya University Faculty of Science discovered this 
phenomenon. The plasma albumin clusters reversibly formed in the above- 
mentioned velocity gradient may be involved in hepatitis B viral invasion of 
liver cells. 


III. N-A isomerization reaction (intramolecular SH/S-S exchange reaction, 
molecular aging)*™ 


Ordinarily, once the linear structure of a protein is determined, it is commonly 
believed that the 3-dimensional [3-D] structure can be determined on the same 
principle. However, in the case of plasma albumin, the SH groups of Cys-34 
and 17 S-S bonds are present, and the SH groups of Cys-34 act as catalysts for 
the intramolecular SH/S-S exchange reactions to carry out recombinations of the 
17 S-S bonds” '?? In the example shown in Fig. 11, BMA is maintained at pH 8.6, 
25°C and an ~0 ionic strength (no added salt). In Fig. 11, N denotes the non- 
aged form (here, N- and A-forms are shown in italics, the N-form contains both 
the N- and B-forms in the case of the N+B transition), and A denotes the aged 
form. After about 24 hours under the above-mentioned conditions, N/A approaches 
~1/1. When this BMA solution is Tiselius-electrophoresed using pH 4.82, 0.03 M 
acetate buffer, two peaks corresponding to the N- and A-forms are observed as in 
Fig. 11 due to a large number of positive charges in the A-form (right side of 
Fig. 11). The analyses of the N- and A-forms are performed on the acidic side 
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because the SH/S-S exchange reactions virtually cease and the difference in the 
number of charges between W- and A-forms is the greatest. The left side of Fig. 
11 also shows analytical results of cation-exchange high performance liquid 
chromatography (HPLC) using the differences in positive charges between the N- 
and A-forms. Starting at the top left side, the diagram shows HPLC profiles of 
the intramolecular aging reaction at 0 minute, 80 minutes, and 26 hours. The 
HPLC analyses also show A/N approaching ~1/1 as a result of an intramolecular 
aging reaction at 25°C, ~0 ionic strength, and pH 8.6. Although there are 
several kinds of A-form (aged form), when conditions are set to produce 
symmetric N- From eas in the HPLC analysis, the A-form separates to the degree 
Shown in Fig. . Fig. 12 shows the increase in A-form at pH 8.6, 25°C, 

and ~0 ionic sovemth i.e., analytical results of HPLC (©) of the periodic 
changes in A/(N+A) and Tiselius electrophoresis (0) 14019) A very interesting 
point is that the A-form and N-form are in an almost 1:1 ratio. And, the A-form 
can revert (isomerization) to N- form':'''419) We analyzed the N-A 
isomerization reaction using the following reversible linear reaction equation 
and not the third equation in Table 1. 


k 
N2A 
k 


k, and k. are, respectively, N-A, A-N reaction rate constants, and the apparent 
equilibrium constant, 5 Kapp=k,/k. . As Shown in Fig. 12, k,, k., and —_ obtained 
_— HPLC are 5.7x10 >/5eC, 6.4x10°°/sec, and 0.89, respectively. Kk. and 
obtained from Tiselius electrophoresis are 4. 1x10 /sec, 4.3xl0~/sec, and 
0°. respectively. The apparent free energy change far) 9 of N-A isomerization 
at DH 8.6, ~0 ionic strength, and 25°C is ~0 kcal/mol In other words, 
it infers the presence of more than two kinds of 3-D structures for the same 
free energy. In the case of BMA, these facts infer that the linear structure 


alone does not determine the 3-D structure. 


Cation Exchange Tiselius Electrophor 



















Fig. 11 Cation exchange HPLC profiles (left {Ne Accrne Butter OU3M. pH 482,25°C) 
side) and Tiselius electrophoresis 0.085. 13M NeCI) 
graph (right side) of bovine mercapt- , one 
albumin (BMA) which had undergone a teas Ase. A 
molecular aging reaction (~0 ionic N 
strength, pH 8.6, 25°C) In the i" Dese A 
diagram, N and A denote the non-aged _ 


form (N- form) and aged form (A-form), 
respectively’. 


‘——- 
26Hrs DOA 


Aged at pH8.6 at 25°C 
With No Added Salt 


The effects of ionic strength on k, and k. are shown in Fig. 13'?. They are 
shown by © and « for k, and a, « for k.. © and » were obtained from the Na@A 
reaction, a reaction from N-form to A-form; and ¢ and « show the reaction rate 
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constants obtained from an AW reaction by adding salt to the reaction mixture 
solution of N- and A-form where A/N is ~1/1. When ionic strength is incrwased, 
k, decreases sharply, but k. does not decrease as much, and the reaction 
progresses in the A-N direction. 





Fig. 12 Time lapse of BMA (see : . : Y 
Fig. 11) molecular aging oat Mol. Aging at pH 8.6 at 25T with No Added Salt 
(~0 ionic strength ; pH © A/(N+A), Tiselius Electrophor. 
8. 6, 25° 7; 0.75 @ (A, +A,)/(N+A,+A,) with Correction for 7 
(A, +A /(N+A +A,) 06+ Oligomers, HPLC : 


sbteited” on PLe. 














0: A/(N+A) obtained from § 7 0 ~ 
Tisel ius electrophoresis. 04} o 4 
em Tiselius HPLC 

kK, [sic] and kK. are, 0.3+ Electrophor id 
respectively, NA, ‘AGN Kees 0.95 0.89 
reaction rate constants, 0.2¢ ky (see?) 41x10 57x107° 
Kap 1S k ./k." oil! k—(sec') 43x10" 64x10" ; 

0 1 1 i i 1 

0 5 10 15 20 25 

Hrs 





Fig. 13 Effects of ionic strength 
on k,(°,*) and k_ (a,4) 
during the N-A isomerization 
reaction”. See text for 
k, (*) and k. (4). 














5.5 1 4 
0 0.05 0.10 


Ionic Strength (KC), 


Fig. 14 shows the effects of temperature on k, and k.. When the ionic strength 
is ~0, k, is indicated by ©, and k., by a. In the case of 0.10 MKC], the BMA 
solution with an A/N ~1 is adjusted to 0.10 Me@KC] as in Fig. 13, and k, (*) and 
k (a) at 25°C, 30°C, and 35°C were obtained by using A#N reaction”. When the 
ionic strength is ~0, k,/k.~l1 results and the apparent AF is almost 0 at any of 
the temperatures, 25°C, 30°C, or 35°C. In other words, A/N is ~l, and the 
Anfinsen theorem” stating that a linear structure determines 3-D structures on 
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the same principle does not apply in the case of a BMA solution with an ~O ionic 
Strength. Thermodynamic data, AF, AH, AS, AF’, AH’, and AS’ in the cases of 
ionic strength of ~0 and 0.10 are shown at the bottom of Fig. 14”. 


3.0 T 


























T as 
(No A) 
*@ (ASIN) 01M KCI 
4 (N>A) 
4.0F 
4 (AZ#N) 0.1M KCI] 
te 50+ 
= 
| 
6.0}+ 2 
7.0 1 i i 
3.2 3.3 3.4 3.5 3.6 
1/T x 10? 
AF AH OS | OF | AF* | Hast | AH? | aSé | as* 
(kcal/ | (kcal/ (kcal/ | (kcal/ | (kcal/ | (kcal/ 
mol) mol) | (e. u.) mol) mol) mol) mol) | (e.u.) | (e.u.) 
u~O0 0.07 1.82 5.70 23.2 23.1 34.1 32.3 36.6 30.9 
0.1M KCl 1.20 15.3 47.3 24.7 23.5 63.0 47.7 128.5 81.2 
































Fig. 14 Effects of temperature on k,(°,¢) and k.(a,4) during the N-A 
isomerization reaction’. See text for k,(*) and k.(4). 
Thermodynamic parameters are shown at the bottom. 


The effect of pH on the N-A isomerization reaction are shown in Fig. 15'. In 
the vicinity of pH 7, the isomerization reaction rate is slow, and it is 
difficult to obtain k, (©) and k. (a) using the N#A reaction. Consequently, 
isomerization was carried out at an ~0 ionic strength, pH 8.6, and 25°C to make 
A/N ~1; then the pH was adjusted to the measured pH, and k, (*), k. (4) obtained 
by using the A@N reaction is shown. This graph infers that the majority of the 
molecules are in the N-form structure in the pH range of 6.5~-7.0. The method of 
measuring k, and k_. using the A#@N reaction after adjusting the A/N to ~1 is a 
very useful method. For example, a fatty acid (sodium caprylate) used as a 
stabilizer for the heat treatment of human serum albumin for transfusion is 
added at an ~0 ionic strength to make caprylate/BMA =1~10 and the effect on k, 
and k. were studied; virtually no effect was found on k., while k, sharply 
decreased at a molar ratio 5, and the reaction progresses AN. It is 
interesting that the heat treatment stabilizer, which is used semiempirically, 
has an inhibitory action on the N-A isomerization reaction (molecular aging 
reaction) (it does not inhibit A-NW reaction). 


The a-helix content of the secondary structure of the A-form (aged form) has 
been reduced about 10 % compared to the N-form (non-aged form). In other words, 
the a-helix and B-structure of the A-form in the vicinity of pH 7 are 60 % and 
20 %, respectively, (-0 or 0.10 ionic strength). Even as the pH changed 
7.0~9.0, no alteration was observed in the secondary structure of the A-form at 
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an ionic strength of either ~0 or 0.10. In the case of the N-form (non-aged 
form, IA-BPA), when the ionic strength is increased at, for example, pH 8.6-8.7, 
the a-helix content increases cooperatively at an ionic strength of 0.025+0.050 
as shown in Fig. 16 (Fig. 15 [sic], ©). In the case of the A-form (aged form), 
the a-helix content does not increase. This mechanism infers that the aged form 
(A form) is a structure that appears to be "frozen" to the B-form structure of 
the non-aged form (N-form) at the ~0 ionic strength by means of an SH/S-S 
exchange reaction. Due to the fact that the A-form did not exhibit an N-F 
transition on the acidic side, it (the aged form) was previously. considered to 
be a structurally frozen F-form (Table 1). However, we believe’” that it is 
more like an S-S bond recombination structure frozen to the B-form (non-aged 
form) at an ~0 ionic strength. At an ~0 ionic strength and pH of 8.6~9.0, the 
B-form of the non-aged form (N-form) and the A-form (aged form) produced by the 
SH/S-S exchange reaction are believed to be structures in which the free 
energies are virtually equal (AF ~0). 
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4.0 + x 2 (NFA) 4 
" @ (AD®N) 
K a (N*A) 
a (AN) eee Eeeacee 7 1 — 
70.0+ 1 
= 5.0 F 4 : IABPA | 
3 a 
* 60.07, —_ 
= t - “IA A-Form - 
6.0 F = # 
9005 ——p02 004 0.062008 ~—0.10 
lonic Strength (KCI) 
7.0 L L Fig. 16 Effect of ionic strength on the 
6.0 7.0 8.0 9.0 a-helix content of the non-aged 
pM form (N-form, IA-BPA, ©) and aged 
Fig. 15 pH effects of N-A isomerization form (A-form, IA-A-form, a) whose 
reaction on k, (°,¢), and k. (a,a)'?. SH groups are chemically modified 
See text for k, (¢) and k. (4) with iodoacetamide at pH 8.6” 


We measured the cross relaxation time, T,, of the A-form at pD 7, 9 (0.10 M 
NaCl) and found it to be virtually the same as the non- oa form (N-form) (Table 
3) in the same pD region. At an ionic strength of ~0, the T,, value obtained by 
f, irradiation of 7.13 ppm (yH,/2m7~69 Hz) is shown on the left side of Fig. 17. 
As in the case of the non- aged form, the T value in the vicinity of pD9 shows 
a reduced molecular rigidity with respect to | H-NMR. Fig. 17 shows spin echo 
"H-NMR spectra for the non-aged form (N-form: pD 6.3, pD 9.1) and the aged form 
(A-form: pD 7.2, pD 9.4) at an ionic strength of ~0. In the case of the A-form, 
peaks of, for example, Lys €-CH, (~3.0 ppm) and -CH, (-0.9 ppm) have become 
higher at both pD 7.2 and 9.4. AS described above, * these data suggest that, 
with respect to NMR, the side chain of the aged form is in a more mobile state 
compared with the non-aged form'’?*”. 
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Tis (sec) 


{,-Irradiation at 7.13 
ppm at yH,/2r~—69Hz 


—CH, LYS 
0.72 0.82 





















































IA-A-Form 
pD 7.20 
0.59 0.57 
B-Form 
(IA-BPA) 
0.93 0.92 pD 9.14 
N-Form 
(IA-BPA) 
0.63 0.58 pD 6.27 
‘\ 
T T 1 if ™ 
10 5 0 


ppm 


Fig. 17 Spin echo spectra (0.020 sec CPMG spectra) of non-aged form (N-form, 
IA-BPA) and aged form (A-form, IA-A form) at an ionic strength of ~0) 
ts Fig. 5). Shown on the left side is the cross relaxation time 

(lis) pene o- irradiation at 7.13 ppm and yH,/2n~69 Hz '9,47) 5.5% no 
d salt 


Table 4 is a summary of the molecular aging phenomena. The molecular aging 
phenomena are greatly influenced by temperature, ., and ionic strength during 
the intramolecular SH/S-S exchange reaction. Altnough we did not mention it in 
this section, the molecular volume of the aged form (A-form) was about 1.1 times 
greater than that of the non-aged form (N-form), the a-helix content decreased 
by about 10% (non-aged form (N-form), a-helix ~70%), and the side chains became 
mobile in the aged form (A-form) even in the neutral pD region (ionic strength 
~0). However, the St rigidity of the aged form (A-form) estimated by the 
cross relaxation time ( was approximately the same as the non-aged form (N- 
form). The Tm and AHu ‘ol ained with differential scanning thermal analysis were 
96.5°C and 116 kcal/mol, respectively, in the case of the aged form (A-form) and 
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62°C and 265 kcal/mol in the case of the non-aged form (N-form)'*”. As 
described, plasma (serum) albumin has very interesting characteristics in that 
"even when the linear structure is determined, the SH group of Cys-34 can become 
a Catalyst depending on solvent conditions, and a different structure with 
recombined S-S bonds is produced." This phenomenon probably more closely 
resembles Klotz theory which states that the autoplastic effect (linear 
Structure) and alloplastic effect (solvent conditions, bonding ions, etc.) 
determine the 3-D structure rather than Anfinsen’s theory®® which states that 
the linear structure determines the 3-D structure’. 


Table 4 





1. N-A_ isomerization (intramolecular SH, S-S exchange 
reaction) was affected by the following factors : 
Temperature 
pH 
lonic strength 
2. Vol(A)~1.1x Vol(N) 
3. fa(A)~0.59 (pH 7.0~9.0, » =0.10 or ~0) 
fa(N)~0.70 (pH 7.0~9.0, 4 =0.10) 
4. Motilities of side chains, segments etc. 
Side chains of the A-form : mobile 


- (Tis(A)~Tis(N)) 
5. DSC 
A N 
Tm (°C) 56.5 61.9 
4Hu (kcal/mol) 116 265 





IV. Mercapt- non-mer rcapt conversion of human serum albumin and clinical 
reports © '” 49,50) 


S v.nty-five percent of human serum albumin (HSA) is human mercaptalbumin (HMA) 
with an SH group on Cys-34. In addition, there are nonmercaptalbumin (human 
nonmercaptalbumin:HNA (CYS)), HNA (GSH) in which the SH group on Cys-34 changed 
to an S-S bond due, for example, to cysteine or glutathione attachment, as wel | 
as the nonmercaptalbumin (HNA (OXI)) in a further oxidized state, -SOH (sulfenic 
acid), -SO,H (sulfinic acid), and -SO,H (sulfonic acid)’ 7,90) In the case of 
BPA, the presence of BNA (OXI) equiva alent to HNA (OXI) has been reported by 

lanatova, et al. (1966), Fuller, et al. (1972), val ievik (1976), and Takahashi, 
et al. (1983) (See reference 19). Regarding the presence of BNA (OXI), its 
biological significance has been pointed out related to problems of peroxide 
lipid. 


The HMA and HNA in HSA can be easily separated and analyzed by HPLC using a 
special column’®'®. Fig. 18 shows examples of separation and analysis of HMA 
nd HNA using Asahipak GS-520 and the buffer solutions listed in the figure 
legend. KABI, CALBIO, NY, and KK are the abbreviated names of HSA 
manufacturers. The ratio of HMA (f,,,,) in the products are 0.65, 0.43, 0.52, 
and 0.47 as shown on the right side of Fig. 18. The values in parentheses were 
obtained by extending the tails of the HNA peaks slightly toward the right side 
n the image processing where f,,, is obtained from HPLC profiles. For Fig. 18 
HPLC, four Asahipak GS-520 columns were used, and the analysis time was 90 
iinutes. When 0.03M phosphate buffer and 0.30 M trisodium citrate (pH 6.80) are 
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used, HMA and HNA can be separated and analyzed with one GS-520 column in 30-40 
minutes 19,30) We have previously noted that HSA is composed of HMA, [HNA (CYS), 
HNA (GSH)], and HNA (OXI). When an Asahipak ES-502 N column is used, HMA, HNA 
(with S-S bonds), and HNA (OXI) can be separated. HNA’s (with S-S bonds) 
include HNA (CYS) and HNA (GSH) (Fig. 19). In the HPLC profiles (Fig. 19), 
there are three peaks in the order of HMA, [HNA (CYS), HNA (GSH)], and HNA 
(OXI). When the buffer solutions listed in the legend for Fig. 19 legend are 
used with a 0+10% ethanol gradient, three —— HMA, [HNA (CYS), HNA 
(GSH)}] and HNA (OXI) are separated’ 9.90) The f,,, values are shown on the right 
Side of Fig. 19; they agree reasonably well with the fiu, Values in parentheses 
in Fig. 18. 


Fig. 18 HMA 
Fig. 19 
HMA 








CALBIO 


CALBIO 











KK 0.43 











Fig. 18 HPLC profiles using Asahipak GS-520 (4 pcs) of human serum albumin 
(HSA) from various manufacturers’. HMA, HNA, and f,,, denotes human 
mercaptalbumin, nonmercaptalbumin and HMA/ (HMA+HNA) . the f F a values in 
parentheses were obtained by slightly extending HNA to the right, which is the 
final eluent during the separation of the components. 0.03 M Na phosphate 
buffer, 0.15 M Na,S0, (pH 6.87). 

Fig. 19 HPLC profiles using Asahipak ES-502 N for HSA from various 
manufacturers” °0) 0.05 M Na acetate, 0.04 M Na,SO, (pH 4.80). Ethanol 
concentration gradient 0+10% 


Sera from elderly subjects who have no hepatic or renal impairments were 
provided by the Municipal Medical Center for the ged, and HSA changes in the 
reduced form albumin (HMA) content were analyzed’. Changes in the HMA and HNA 
of elderly’s HSA were studied comparatively with three kinds of HPLC. In other 
words, we used Asahipak GS-520 (4 pcs) (eluent, Fig. 18 bottom), GS-520 (1 pc) 
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(eluent, 0.03 M phosphate buffer, 0.30 M trisodium citrate (pH 6. 29) and ES- 
520 N (1 pc) (eluent, Fig. 19 bottom). The mean of f,,, values, +SD, 
obtained by HPLC were 0.48+0.05 (n=114), 0.4740.06 (n=114), and 0. 520. 06 
(n=55), respectively. The f,,. of healthy adult dl as O 75+0.028 (n=28), and 
there was a significant difference between the two groups (p<0.001). In the 
case of healthy elderly subjects, HNA, i.e., the oxidized form of HSA increases, 
and its reduced form decreases. It has been reported (1983) that the number 
of SH groups of crystalline proteins decreases with age. The decrease in the 
reduced form (HMA) of HSA shows exactly the same trend as the decrease in SH 
groups of crystalline proteins’. Having received additional supply from the 
Municipal Medical Center for the Aged, we analyzed these sera of elderly people 
with HPLC using GS-520 (1 Pc). When we summarized the result along with the 
previously mentioned data, (60~99) is 0. ou 059 (n= “ss (Numerical ranges 
in parentheses denote age). Ta | f o ~69), (70-79), (80- bare _ i 
(90-99) were 0.5240.044 (n=47), 0.48+0.053 (n= ay +. 46+0. ‘ost (n=81), a 
0.47+0.076 (n=12), respectively. 


We analyzed the characteristic changes (f,,,) of HSA in renal diseases, 
especially in chronic renal insufficiency. The f,,, in healthy adults is 
0.75+0.028 (n=28), whereas the f, of chronic renal insufficiency (non- 
hemodialysis) patients is 0.51+0-096 (n= =28) », 2 and there is a significant 
difference between the two groups (P<0.001) In other words, the sera from 
such renal insufficiency patients tended to contain more of the oxidized form. 
In addition, there is a significant negative correlation between f,,, and serum 
creatinine level of chronic renal insufficiency patients (r=-0.85, "BO. 05). 

When chronic renal insufficiency patients undergo artificial dialysis, one can 
observe the changes shown in Fig. 20. Fig. 20 shows one example of dialysis 
results; the HNA is very high before dialysis, it decreases after 5-hour 
dialysis and the HMA increases (HNA+HMA conversion). The fact that HNA is high 
at the inlet of dialyzer and HNA has decreased at the outlet is a very 
interesting phenomenon. When we compare the HPLC profile of HSA at time 0 min. 
and 300 min of dialysis, we see a very symmetric change in the pattern. A 
summary of various mean values for hemodialysis (HD) patients (Sawada Hospital, 
Gifu) is as follows’ (Virtually the same results were obtained with 
hemodialysis patients at Hayatoku Hospital in Gifu): 


fu, (before HD) =0.40+0.09 _(n 122) 
Mean of [f,,, (after HD) - f,,, (before HD) ] 
=0.19#0.08 (n=110, pel. 001) 
Mean of [f,,, (outlet) - (inlet) ] 
=0.0940.05 (n=122, “i | 001) 


Following hemodialysis, as the oxidized forms of sulfur-containing amino acids 
such as cystine increase in the bloodstream, cystine reacts with HMA resulting 
in HMA + cystine + HNA + cysteine. The cysteine is readily oxidized in the 
bloodstream to become cystine, and this cystine reacts with HMA and produces 
HNA. Through these reactions, a considerable fraction of the predialysis HSA 
changes to HNA. Although the mechanism is unknown, the HNA+HMA change is due to 
hemodialysis as shown in Fig. 20. In other words, HSA in dialysis patients 
undergoes repetitious HNA?HMA conversions in the bloodstream. 
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Fig. 20 HNA-HMA conversion due to HMA 
hemodialysis (chronic renal 
insufficiency) '?°”. The HPLC 
profiles at predialysis (0 min.), 
dialyzer inlet and outlet after 
30 min, and postdialysis (300 
min, dialyzer inlet) are shown. 
See Fig. 18 for column and eluent. 


10min 





30 
(outlet) 
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To what extent the HSA of hemodialysis patients with chronic renal insufficiency 
as shown in Fig. 20 undergo HNA+HMA conversion following kidney transplant and 
how closely it approaches f,,, of healthy subjects are very interesting issues. 
Table 5 shows the analytical results of f.,, values of many kidney transplant 
patients’ sera provided by the Kidney Center at the Kitasato University Medical 
School in a collaborative study’. There were Significant differences in the 
Fam, Values of HSA from transplant patients in hospitals A and B who had not 

used cyclosporin A (P<0.001). In addition, there was a very large difference in 
Fu, Values among the groups using cyclosporin A as shown in Table 5 (P<0.001). 
the reason for the difference between hospitals A and B is unknown. 


We have explained HSA’s structural changes (HMAZHNA conversion) in chronic renal 
insufficiency, chronic renal insufficiency hemodialysis, and kidney transp’ants. 
In addition to these diseases, we have analyzed HSA, j.e., F saa values in 
chronic articular rheumatism, various liver diseases, and various endocrine and 
metabolic diseases. For reference, we shall explain changes in f,,, values 
caused by liver diseases or the use of glucocorticoids. As shown. in Table 6, 
Significant changes occurred in as values in cases of chronic hepatitis (CH), 
liver cirrhosis (compensated) (Lc{c)), liver cirrhosis (decompensated) (LC(d)), 
hepatocellular carcinoma (HCC), acute hepatitis (AH), and fulminant hepatic 
failure (FHF). Incidentally, Table 6 includes data only of patients with no 
renal disorders (collaborative study with the First Internal Medicine 
Department, University of Gifu School of Medicine) 8) The HSA of nephrotic 
syndrome patients hospitalized in the above University Hospital also showed a 
very high HNA compared to that of healthy adults. One factor contributing to 
increased HNA may be the use of glucocorticoids discussed later or the use of 
albumin with very high HNA for transfusion. A marked decrease in HMA was 
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observed in an untreated patient with Addison’s disease (48-year-old, 9) 
(fi,70.47, Fig. 21 (1)). As shown at the bottom of Fig. 21, when we 
administered various glucocorticoids to this patient, the f,.. values changed 
from 0.43 + 0.35 + mostly HNA + 0.72 + 0.71 -..... (Fig. 21 (2) + (3) + (4) + (5) 
+ (6) >..... ) and have approached the 0.75 value of a healthy adult by continued 
use of the glucocorticoids”. There are reports that a one-time large dose 
administration of glucocorticoid to animals increased peroxides in the 
bloodstream, decreased glutathione, and increased glutathione after 7-10 days. 
As in Fig. 21, the phenomenon of decreased HMA (reduced form), i.e., increased 
HNA (oxidized form), followed by increased HMA is a series of changes that is 
similar to those observed in animal experiments (collaborative study with the 
Third Internal Medicine Department, University of Gifu School of Medicine). 





























Table 5 38 5 Tuna Values in Renal Transplants with or without Cyclosporin A(Cy-A) 
Control Renal Transplant 
(A- Hospital) (B-Hosypital) 
—Cy-A(—) Tuna +SD 0.75+0.028 0.63+0.083 0.55+0.080 — 
n 28 116 68 
| 
1984 =a a evuennnatienianeall 
5 , ] 
1986 ' 
| 
| 
L_cy-A(+) Tuna + SD —_— 0.63+0.064 0.49+0.089 — 
n — 26 33 
| | 
1988 Tuma + SD _—— 0 59+0.063 
n 78 





ee . P<0.01, eoe- P<0 001 
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(Footnote) 
Carter, et al.°?” published (1989) a 6.0A-resolution X-ray diffraction pattern 


of human serum albumin (HSA) crystallized from polyethylene glyco] (pH 6.8-7.2). 
HSA is a protein with a large number of a-helices. Brown, et al.’ described 


hinges (see Fig. 1) connecting subdomains, i.e., 102-123, 290~315, and 488-513 








to form a fair number of helical segments, and 178-199. 370 391 th 

’ ’ - at connect 
domains that are nonhelical segments. These results are very similar to the 
secondary structure of HSA estimated by McLachlan, et al. from the linear 
Structure. Carter, et al.”’, unlike Brown, et al."”?, labelled subdomains as 


IA, IB, IIA, IIB, IIIA, and IIIB. As shown in Fig. 22, [IA, IB 
IIIA, IIIB] form separate clusters. 9. 26, LIA, 18, IIA] and (118, 
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Fig. 21 HPLC profiles of HSA from an Addison’s disease patient (48-year-old, 
2). An Asahipak GS-520 (4 pcs) was used with 0.10 M phosphate buffer 
and 0.30 M NaC] (pH 6.86). The diagram at the bottom shows 
glucocorticoid administration status. Before treatment (1) with 
glucocorticoid, and after therapy began (2-13)*7'”. 
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Tab] e 6 % 6 fuu,. Values in Patients with Various Liver Diseases * 








Parameter Control CH LC (c) LC (d) rane AH FHF 
| ae 0.7520.028 0.64+0.053 0.64+0.050 0.49+0.076 0.52+0.073 0.64+0 046 0.33 
n 28 23 9 ) 10 5 2 
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ef 





*CH=chronic hepatitis : LC(c) =liver cirrhosis (compensated) : LC(d)=liver cirrhosis 
(decompensated) : HCC=hepatocellular carcinoma : AH=acute hepatitis : FHF = ful 
muinant hepatic failure 

ee P<001. *** P<0.001 





Fig. 22 X-ray diffraction pattern of Human Serum Albumin (HSA) 
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